To validate the authors' published surface landmarks for gaining percutaneous access to the internal jugular vein (IJV), and to determine whether these surface landmarks were altered after neck surgery.
Methods
The authors prospectively evaluated 417 IJVs in 209 consecutive patients undergoing carotid duplex imaging before and after carotid endarterectomy (CEA). Patients who had undergone CEA were enrolled to investigate the effect of neck surgery on IJV anatomy. The opposite, nonoperated side of the neck served as a control for each patient. The position of the IJV in relation to the surface landmarks, the mobility of the IJV on neck rotation, and the size, patency, and relation of the IJV to the carotid artery were evaluated.
Results
Overall accuracy of the surface landmarks for locating the IJV percutaneously was 99% for the control group and 95% for the CEA group. With neck rotation, the IJV was located in a more lateral position in relation to the landmarks that would significantly reduce its accessibility. After neck rotation, it was also noted that the carotid artery moved behind the jugular vein in 85% of the patients in both groups. The mean size of the vein and its patency were similar in both groups.
Conclusions
Duplex imaging validated the accuracy of the surface landmarks for IJV cannulation and documented the adverse effects of neck rotation. IJV anatomy is not altered after CEA.
Access to major large central veins is commonly gained percutaneously, and a thorough knowledge of the surface anatomy is essential to ensure successful venous cannula-tion and minimize mechanical complications. Many clinicians advocate an ultrasound probe to localize the jugular vein before venipuncture, because the success rate of this technique exceeds 95%. 1, 2 We described a new method for cannulating the internal jugular vein (IJV) that we developed from the anatomical relations noted during radical neck dissections. 3 A retrospective review of our method revealed a 91% success rate of IJV cannulation and a complication rate of 0.6%. 3 We used duplex imaging to determine the reliability of surface landmarks in locating the IJV. Percutaneous cannulation of the ipsilateral IJV has historically been considered a relative contraindication after surgery in the neck because of the belief that the regional anatomy may be distorted. We therefore elected to study the IJV anatomy after carotid endarterectomy (CEA) because this procedure involves maximum dissection of the two vascular structures in the neck, the IJV and the carotid artery. Most techniques of IJV cannulation described in the literature also recommend rotating the head opposite to the side to which access is being gained. We prospectively evaluated whether the position of the IJV and the carotid artery changed after rotating the head. Addressing these technical issues of IJV cannulation using our surface landmarks would enhance the technique's applicability and safety.
METHODS
Our study was approved by Easton Hospital's Internal Review Board. Patients undergoing carotid duplex imaging in the vascular laboratory were prospectively enrolled in the study. Subjects who had a prior radical neck dissection were excluded. We prospectively evaluated 417 internal jugular veins in 209 consecutive patients undergoing carotid duplex imaging before and after CEA.
Surface Landmarks
The surface landmarks used in this study were the clavicular head of the sternocleidomastoid (SCM) and the clavicle. Two centimeters above the superior border of the clavicle, the clavicular head of the SCM is divided into three equal parts by two "points" (Fig. 1 ). The IJV lies posterior to the medial point, the surface landmark we use for gaining access to the vein. The exact technique of performing the venipuncture using this method has been previously de-scribed. 3 Briefly, the surface landmarks are marked on the patient, who is then placed in the Trendelenburg position. The skin over the access point is infiltrated with 1% lidocaine and the IJV is first located using a 25-gauge needle. Next, a large-bore 18-gauge needle is introduced through the same entry site at a 90°angle to the coronal plane of the patient (Fig. 2 ). As soon as venous blood is obtained, the syringe is slowly tilted down to lie at a 10°to 15°angle to the coronal plane. This allows the guidewire to be advanced easily through the needle. Finally, the catheter is passed over the guidewire once the needle is removed. The catheter is secured to the skin and a sterile dressing applied.
Duplex Imaging
One technician (S.W.-S.) performed all the duplex imaging studies to maintain consistency. This person was instructed on our surface landmarks before beginning the study. Duplex imaging was performed using an ATL Ultra-Mark (ATL Ultrasound, Bothell, WA) with a 5-MHz transducer that provided color flow imaging and Doppler waveform.
After informed consent was obtained, the patient was placed in the supine position. The landmarks were identified and the two points that divide the clavicular head of the SCM into three equal parts were marked on the patient's neck. For purposes of data collection, the access point was designated A, the lateral point was designated B, and the resulting three equal parts of the clavicular head were labeled as: 1, medial third; 2, middle third; and 3, lateral third ( Fig. 3 ). The following data were then obtained using color flow duplex imaging:
• Position of the IJV in relation to the landmarks • Size and patency of the IJV For each patient, both sides of the neck were studied. The IJV studied on the side where CEA had been performed was the experimental group (CEA group) the side where no surgery had been performed was designated as the control group.
Statistical Methods
Statistical analysis was performed using paired Student t tests, chi-square analysis, and Pearson coefficient correlation (SPSSX and BMDP statistical program, SPSS Science, Chicago, IL).
RESULTS
During a 6-month period, we prospectively studied 417 IJVs in 209 consecutive patients undergoing carotid duplex imaging. Demographic data are given in Table 1 .
Size and Patency
The mean size of the IJV was 1.42 Ϯ 0.344 cm (range 0.5-2.2) on the right side and 1.22 Ϯ 0.379 cm (range 0.33-2.4) on the left side. Overall, the right IJV was significantly larger than the left IJV (P Ͻ .001). There was no difference in the size of the veins between the two study groups. The mean IJV size on the right was 1.48 cm in men and 1.27 cm in women; the corresponding figures for the left side were 1.37 cm and 1.17 cm. The vein was significantly larger in men than in women on both sides (P Ͻ .05). The height and weight of patients were not collected, so we could not compare the IJV size according to the surface area of the patient. The patency of the vein was 100% irrespective of whether CEA had been performed. None of the veins were recanalized.
Location
We evaluated how often the IJV was positioned immediately behind the access point. With the head kept in the neutral position, the vein was found directly behind the access point in 72% and 75% of the subjects in the control and the CEA group, respectively. When the head was rotated, the IJV moved laterally away from the access point, with only 55% of the veins in the control group and 50% of the veins in the CEA group being directly behind the access point. This movement of IJV away from the access point was highly significant (P Ͻ .001) in both groups.
Accessibility
If the IJV was present immediately behind access point A, it was considered accessible. When the IJV was behind the medial third or the intermediate third, we found part of the vein to be still behind the access point ( Fig. 4) and therefore considered the IJV accessible for venipuncture. However, when the vein was located behind the lateral point B or the lateral third, it was considered inaccessible because the entire vein was far away from the access point.
To calculate the accessibility rate (%) for the control and CEA groups, we added the number of veins directly behind access point A and the veins in the medial and intermediate thirds, divided the total by the number of veins studied in the group, and multiplied by 100.
When the head was kept in the neutral position, 183 (98.4%) veins in the control group and 220 (95.2%) veins in the CEA group were considered accessible. Overall, the accessibility rates were similar on the right and the left side. After neck rotation, 162 (87.1%) of the veins in the control group and 186 (80.5%) in the CEA group were considered accessible. This decrease in the accessibility rate with head rotation was highly significant (P Ͻ .001) in both groups.
Relation Between IJV and Carotid Artery
As expected, the carotid artery was found medial to the IJV at the level of the access point when the head was kept in the neutral position. When the head was rotated, the carotid artery moved immediately behind the IJV in 87% of the control group and in 82% of the CEA group. This occurred on both sides (right 80%, left 88%).
DISCUSSION
The IJV is often chosen for central venous access because it offers a higher success rate with fewer complications than the subclavian vein, and the landmarks are easily identifiable. Studies using ultrasound scanning have estimated that in 95% of patients, a relatively constant anatomical relation exists between the IJV and the surface landmarks. 4 IJV venipuncture can be accomplished using a variety of methods, and Rosen 5 listed 13 distinct approaches. Defalque 6 conveniently grouped these methods into three general approaches: anterior, central, and posterior. Our method of gaining access to the IJV was based on anatomy noted during radical neck dissections, and the surface landmarks were found to be clinically reliable and safe. 3 In this study we prospectively evaluated the accuracy of our method of gaining access to the IJV using color flow duplex imaging.
Our results confirmed that when the head is kept in the neutral position, the IJV was accessible in 97% of the controls using our surface landmarks. Ideally, the vein should lie directly behind the access point to maximize the success rate of venous cannulation. We showed that the IJV moved away from the access point laterally when the head was rotated. Therefore, keeping the head in the neutral position not only maximizes the success rate of IJV cannulation but also improves patient comfort because twisting the neck is avoided. Because most of these procedures were performed under local anesthesia, patient comfort was important.
Residents are commonly taught that a previous surgical procedure in the neck is a contraindication to IJV venipuncture. To evaluate this concept, we studied patients who had previously undergone CEA. This procedure would be expected to distort the regional anatomy and thus lower the success rate of IJV cannulation. After CEA, one would also expect the vein to behave in an unexpected manner during head rotation because of adhesion formation. Our results revealed that when the head is in the neutral position, the access rate was comparable in both the CEA and the control group. Neck rotation had a negative impact in both groups because the IJV had moved away from the access point and therefore decreased the accessibility rate. Therefore, CEA per se did not have a negative impact because the two study groups had similar access rates whether the head was in neutral position or rotated.
At the apex of the angle formed by the two heads of the SCM, the IJV has been shown to overlie the carotid artery in 54% of patients, thus predisposing these patients to carotid artery puncture if the cannulating needle traverses the IJV. 7 When the head is kept in the neutral position, as it is in our technique, we showed that at the level of our access point, the carotid artery was located further away from the IJV in the medial direction and was therefore less likely to be inadvertently injured. When we gain access to the IJV using our technique, the needle approaches the neck at a 90°a ngle to the coronal plane, thus further reducing the likelihood of inadvertent puncture of the carotid artery. We postulated that rotation of the head might alter the anatomical relation at the base of the neck such that the carotid artery would be closer to the IJV. This was proven to be correct: the carotid artery moved directly behind the IJV in 80% of the control subjects. Similar findings were reported in a prospective study using two-dimensional ultrasound to evaluate the effect of head rotation on the relative position of the IJV and the carotid artery in normal subjects. 8 It is clear that head rotation increases the incidence of carotid artery puncture, the most common reported complication of IJV venipuncture. 3 After CEA, one would expect the carotid artery to be less mobile because of adhesion formation. Surprisingly, even in the CEA group, the carotid artery moved behind the IJV on neck rotation. We also noted that in the CEA group, the size of the IJV was comparable to that in the control group. None of the veins was found to be recanalized, suggesting that IJV thrombosis did not occur even after CEA. IJV patency was 100% and was sustained even after CEA, leading us to believe that previous CEA is not a contraindication for ipsilateral IJV cannulation.
Some surgeons would argue that in patients who have had CEA, a synthetic patch with a suture line cannot be taken lightly, and inadvertent puncture of the synthetic patch or disruption of the suture line in the carotid artery during IJV cannulation would be a potential concern. However, this risk can be minimized by using our technique because the head is kept in a neutral position while the needle approaches the IJV through the access point at a 90°angle to the coronal plane. Our method ensures that the carotid artery will be further away from the IJV, and with the direct puncture, the only structures traversed by the needle would be the skin, subcutaneous tissue, and the clavicular head of the SCM. 3 Prospective evaluation of our surface landmarks for IJV using duplex imaging allowed us to reach the following three conclusions. Use of our access point leads to successful venipuncture of the IJV. Keeping the head in the neutral position maximizes the success rate and helps prevent in-advertent carotid artery puncture. Previous CEA does not contraindicate access to the ipsilateral IJV because the regional anatomy and structural relations were sustained, the size and patency of the vein were maintained, and the IJV does not thrombose even after surgical manipulation.
